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Analyse. ot three samples of fallout tram the Navajo
detonation of Operation REDWIRG revt&1ed th.pre.en~e of
the induced r,s.d101so~OJ?f!~3 0057 j 0058 and Co()(). The amounts
of these rad1oiSOtoP~R pres~nt in the samples would not eon
stitute an internal hazard compared to the amounts of' St~
pl'f!sent in the sam:pl~a. Ho~verI the C057 I C058 and CoW
values obtained indicate the.t these isotopes would contribute
appreciably to the exterDAl gemma radiation from fallout
fields represented by the samples. The product/fission ratios
of the individual nuclides we~ obtained.

ii
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The Problem

It is possible for radioactivity to be induced in environmental
_terials by radiation from a nuclear detonation. If such formation
occurs to an appreciable extent, the radioisotopes thus created could be
in the fallout resulting tram the detonation and would increase the ra
diological hazard beyond that which would derive from the fission pro
ducts ot the weapon itself.

Evidence was found that cobalt-60 had been induced during nuclear
weapon test detonations. As this radioisotope is long-lived and em!ts
guaa radiation of appreciable energy and therefore could be significant
in fallout hazards, a search "..s made, in fallout samples, for cobalt
raci!oisotopes produced during Operation REDWINCJ, Shot Navajo, and quanti
tative measurements were made of those found.

PindiDB:s

Three induced radioisotopes ot cobalt were found, C0 57, C0 58 and CoW.
Compared to the strontium-90 also found, these radioisotopes would not
constitute an internal hazard it the tallout were to be inhaled or in
ges'ted' However, they would contribute significantly to the external
hazard from the gIUIIII& radiation em1tted by fallout fields represented by
the samples.

I
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ADMINISTRATIVE :m'ORMATION

The work reported herein was l'ponsored by the Bureau
of Ships of t:ne Nfl'VY under Technical Ob.1ective AW-7,
IS 081-001 as Progrsm 25 i Problem 1 during PiscaJ. Year
1958. This work is described in this Iaboratol7's Proposed
!echnical ProlE!=! !2! ri"C91~~ dated May 1951.
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REPORT OF INVISTIGATION

INTRODOOTION

It baa been uSUllled generally that the long-term radiological hazards
due to tallout trom a nuclear detonation depend primarily upon the long
lived tission products. However, other radioactive products lIh1ch are
not derived from fission reactions ~ be present in tallout and contri
bute to the hazard. These latter products would be created by neutron
activation ot elements in the ~ate Vicinity ot the detonation. The
presence of one such product, Co , bas been indicated by analyses of
fallout material* and of biological specimens recovered from fallout
areas. l

The present investigation, carried out to determine the amounts ot
Co60 in f'allout samples :f'rom the Navajo detonation ot the 1956 test series,
revealed the existence of two additional cobalt nuclides, co57 and C058.
The amounts ot these nuclides were determined. To permit usessment of
th~_relatiTe internal hazard.a from. the cobalt isotopes, determinations or
Sr9U were Dade on the same samples. From. these data the cobalt-60, -58,
-57/stronti\Dll-90 ratios were derived. Since all three cobalt isotopes
emit gamma radiation, they would also contribute to an exterDal hazard.
This was estimated by sUllllDing the photon energy release per un1t time f'l'or:n
the observed amounts ot radiocobalt anA comparing it with s1m:1.l&r values
calculated tor the ...ociated tission products.

The total number ot tission events represented by each ..-ple was
determined. Product-to-tission ratios tor the re41ocobalt isotopes in
each sample were computed.

* Private cOlllllUD1cation, D. sam ot this laboratory.

1
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Radiochemical analyses were carried out on thre~ samples of fallout
which had been collected in la~'ge trays at approximately 25 miles NNW of
ground zero (sample designated lAG-39-35 Na) and at about 6 miles BE of
ground zero (samples designated YFNB-l3E-59 Na and YFNB-l3E-60 Na).

The total number of fissions in each sample was determined by counting
gross fission-product activity with a special low-geometry gamma scintilla
tion counter. The counter was previously calibr&.ted, by radiochemical
methods, in terms of counts per minute per fission as a function ot ttme.2,3

After the fission evaluations, the material composing each sample was
removed from the collector trays and was brought into solution by successive
treatment with f\un1ng HN03' HC104. and D. Bach sample val then taken to a
volume of 100 ml with 6N Rel. Aliquots were removed from the solutions tor
cobalt and strontium analyses.

The stronttuw analyses were carried out through moditication ot an
existing method. Step-wise, the procedure was as foJ.lows:

1. A 25-ml aliquot of the original solution was placed in a 50-ml
centrifuge tube and reduced to 5 ml by heating.

2. Five hundred A of carrier-free Sr85 were added for yield
determination.

3. Two ml ot strontium carrier (~ 6.00 IDS sr++/ml) were added.
FolloWing this, 30 ml of fuming HNO~ were a4ded, the cone was
placed in an ice bath for seversl Ddnutea, and the aliquot was
stirred, removed. and centrifuged.

4. The s~rnatant vas ~canted and the precipitate dissolved
in 10 ml of vatel·. Ten drops of Fe+++ solution ("""J 10 DIg pe+++1m!)
were added and the solution vas heated to boiling. Iron was pre
cipitated nth carbonate-free NHhOH and the solution was centri
fuged. Th~ time' of separation ot Y from Sr waft noted, and thf~

supernatant W8.6 transferred to a clean centrifuge cone.

5. After addition of 2 ml of cone NH40H t,n the clear supernatant,
the solution was heated to boiling and 5 ml of saturated (NH4)2C2V4
solution 'WaS added drop-wise with sti~ri~. The' resulting preci
pitate was filtered onto a No. 42 Whatman f!1t~r paper, washed
three times with 5 ml of water, three times with 5 ml of ethanol
and three times Vith 5 ml of ether.

2
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6. The precipitate val r1!'ied in an Oftn at loooC tor 20 min; cooled

and weighed &. srC204·H~. It wu then placed on a thick bras.
planchet and beta counted.

7. FolloWing beta counting; the sample vas transterred to .. telt
tube. The tilter paper ftl wet-ashed and the Sr brought into
solutien with 1 ml ot water.

Prior to final oolu't:1en of the ~eparated Sr (Step 7); the growth ot
y9=> val tollo~d.. Tbes(ll measurements were uftftd to compute the amount ot
sr90 at time ot se!Ja1'&~i()n (S~tP 4). Arter application ot the usual
correctlonl; the num~r of. S~ atou present at zero time was determined;
using a halt-life value of 27.7 ~ 0.4 ye&rs.5

The amount o't Sr85 present in the final solution yu meuured nth a
S.... ~. spectrometer. This nJ.ue "... compared 'to the aD)UDt ot Srts5
added and the yield deriTe4.

~es tor CQr:t were'! carried out through moditication ot a pUb11lh~ .
method. Since Mn' vas known to be present; JII&nI&I1ese carrier vu added.6
Step-Vise; the ana1y'tlcal procedure vas as tollon:

1. Two ml ot ~tw..ardized cobalt carrier (.- 10 "'Ig CO/ml) and 1 ml.
ot Mn carrier ( - 10 IllS Itl/al.) were a44ed to a 25-1111 tJ.1quot ot
original solution.

2. The lolution was heated to drynel. and 0.5 ml cone Bel and 3 ml
o't vat!'!!' ftnt added.

3. One JIll ot 5M Im4Cl solution ... a4ded. !he relultizas solution
vas lIBd.e alkaline vith 15M lUI~OH and 10 dropl excelI RBIJOB a44ed.
Atter th1a the solution vas eentritup4 ...""d the precipi'tate dil
carded.

4. '!'he lupernatant vas .aturated nth ¥ and then centritupd. lfwo
dropl of 15M Ml1LOH were added and. B~ .. PUled through the
lupernatant. Arter t.hill the supematant vu d.1lc&1"ded an4 'tbe
precipitate "... ...bed vith 3 JIll ot vater.

5. '.l'bree rI1 ot a lolution ot eq\al partl ot ..tUftted 1as!8O~ ud. at
laB90~; by TOl\D!; nre a44ed. ~ re.ultu.. lolution ... It1rNd
tor 2 min; and then centrituaed. !be 1\JI)em&taIlt vu 41acardK
and the precipitate ....heel rith 3 111 at _ter.

6. One-halt III ot cone Hel; 1 drop ot~ and. heat were U8ed to
bring the precipitate into solution.- two al. or Slaciu ac~tic

acid were added and the solution diluted to 25 111 with _ter.

3
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7. Six ml ot 3M acetic acid 8ature.t~ With I<N02 were added and the
m1xtUl"tlt was cooled in an ice bath tor ten mo.. The solution was
centrifuge'l~ .• the sup~rnatant removed and the precipitate wa.hed
with 30 ml of 1.5M acetic acid and 30 ml of a 5~ ethyl alcohol
vater eolutl:"ln.

8. Three ml of cone HCl were used to dis.olve thE: precipitate. The
solution vaa hellte,'!. to boi11ng and Cs and B& carriers addej,

9. The flolutll)n nl.'l 'i11uted to 25 ml nth ft·t;er. Ten M J<DH were
&M.ed to p~~.ip1t,J.t,e eo(OH)2. '!'he mixture was cent~ifUged, the
su;pernat.•.nt dt ~~&t'd.ed and the prec1pitate wash~d vith 5 ml of
water.

10. The co(OH)2 W'SB i1esolved with 3 ml ot 6M acetic acid and er and
Zr holdback ~'I.r!"1ers were added. Water".". u.ed to dilute to
25 ml. and 6 m.l of 3M ac.et1c actd e~turated With KN02 were ad~d

to pre~1plt&t~ K300(N02)6'

11. '!'he precipitate wu filtered onto a lIhatan 42 filter paper and
washed tW1ce wUh 10 ml of 1.51( acetiC' r.,ciA. 'tn4 tWice With 30 IIl1
ot 5~ e"·.1".yl alr:ohol-water 1!l01u~1f')n.

12. The cobaltiu.i't;rite precipitate vas placed in an 0'"'0. &:14 dried
tor 20 min at l(I()cC, It vas cool~ t.D.~ welshed to 1etermine
yield.

The cobalt y1ell1e ftN' di.lolved a.nd &Da3.y7.ed tor p-. actiT1ties'60
ua1ns a .iDSSe-channel~ pulse-heisbt ~er. The pre.ence of Co ,
C0 57 aDd C0 5 V&& establ1.he·i by 1de'1.tif'ication ot their respective photo
peaka by cCMlp&rilon W110h .,ta~ ot boVll eursf.

'the diaint.esrat1.':I:l ~te of each cobalt 1aotope ... obt&ined by anaJ.ya1.
ot photopeak U"t'iU. A-f'ttr 1eteJ'll1nat1or.. ot the total pube he1Pt d1atl'~

bution, • atand&1"Cl ot CctlO .. prepared to M,\al the -.p1tu4e of t.be C~
photopeak, ot the itolated eobalt. NI cfIIJ pulse h.-1pt d:lstribution n.oS
eubtrac:ted. troa th@' total diatribution. '!'hie 8ubtractlon ot the Co60
Compton con'tjnuUl! Pf!rDlHtei 4ete1'lll1Di1.ti(\n ot the Co~ and Co58. Their dis
intesration rate'lll 'Wre ·~omp"t.M from exper1.menta~ 46termine1 palla ray
ettic1encie. aDd l'0D.e1~r&t1on ot the1r re.~,gti'" deeq .ch.... (relati"
photon .lni.D4&ne~I 1:atf'n&l. :onnr.ion, etc. ) .1 P:1cUft 1 lIhow the pul~
hes.pt 41.tr1but10:3 ot t.h~ ,epva~1!ld cobalt &Dd tM .pfti~t!"'JII ot the Co
ateD4ard. The O.Bte.-'le.,. Mn54 pbotopeat 11 ahovn .. an energy reterence.

4
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RESULTS

The quantities of the i8otopes 0057 , 0058 and Oof:IJ present in each
sample at zero time and the quantities of Sr90 present 1n each sample at
zero time are g1\ren in Table 1. This table tUSO includes 'the fia810n
numbers determined for each sample. The error associated with each value
in Table 1 18 the dete1'lll1nate error lnvolved in the mea"urements; these
include pipettiD8 error, counting errorl errors in chemical y1elds, etc.

TABLE 1

A'toms Present at Zero Time and Total Fissiona in Each Sample

Oo~ Sr90 Fissions

A 3.7~1.14xlOll 5.8~1.87xl010 3.1~2.25Xl010 1.1~.Oaxl012 4.13~.4lxl013

B 1.2~.49xl012 1.9~.69xlOll 1.O~.76xlOll 5.17~.38xl012 1.~.14xl014

o l.l8:tO.36x1012 1.85!O.65xlOll l.Ol;t<>.73xlOll 4.~.34xl012 1.36:tO.l4xl011~

(a) sample A, YAG-39-35 Na
Sample B, YJI'RB-13l-59 Na
Sample CI YPNB-13l-6o Na.

The data of Table 1 were used to cOlll3>ute the C057158,6o/sr90 ratios
listed in Table 2. The rat10 errors shown are the detel"lll1nate errors
aasociated with each measurement. The .ftrace errore are shown nth t.he
average ratio values obtained.

Product-to-flssion ratios tor the lndlY1dual co~t nuclide. in each
sample were derived f'rom the data of Tabl>! 1. Theile ratios are presented
in Table 3. Once again., determinate errore are included. Average erron
a~ aaBociated vtth the aYer&Se product-to-t1s810n Ya!ues.

6
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TABLI 2

Ratios of AbUDdaDee of Co A··~.;JIIls to Sr90 Atom8 at Zero Time

semple coOO/sr90 Co57/sr90 C0 58/sr::JO

A 0.323 '!:. 0.106 0.051 :!: 0.017 0.0:!7 ~ o.~

B 0.245 '!:. 0.102 0.038 :!: 0.013 0.021 ~ 0.015

C 0.255 + 0.090 o.OIf.o :!:. 0.013 0.022 + 0.016. -
Av Values 0.274 o ,.~\,." 0.023.-'1'J

AT Errors + 0.100 + 0.014 '!:. 0.017-

Product-to-F1ssion Ratios of the Cobalt Isotopes

Bamp1e co60/t c057/t c058/t

A 9.01 ~ 2.91 x 10-3 1.41 :!: 0.47 x 10-3 7.58 :!:. 5.50 x 10~

B 8.68 t. 2.80 x 10-3 1.36 ± 0.45 x' 10-3 7.29 :!:. 5.32 x 10-4

c 8.68 t 2.80 x 10-3 1.36 t. 0.. 45 x 10-3 7.43 ! 5.42 x 10-4

AT Values 8.79 x 10-3 1.38 x 10-3 7.43 x 10-4

AT Irrors ±2.84 x 10-3 + 0.46 x 10-3 t 5.41 x 10-4

7
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DISCUSSION Am> CONCLUSIONS

The ratios shown in Table 2 indicate that significant amounts of radio
cobalt were formed rel~tive tc S~90. The prod~ct-to-f'ission values of' Table
3 show that there was no apparent radiocoba.lt fractionation between the two
fallout positions sampled. Possible reactions for the formation or the co
balt nuclides trom environmental nick"3~ and cobalt are: C059{n,Y}Co60,
Ni60(n,: .)co&:; 1 c059(n; 2n)C058) N158 (n,p)Cc58 and Ni58(n.• 2n)N1,7 r .C057.

The biological haz~rds resulting from fall~ut ~ be p~aced into tvo
categories:

1. the internal hazard ('auEled by ingestion and 1nha1a't1on of active
mate:-ia1 sod

2. the external hazard. ";I\useri by pP.netrat.ing radia.tion, the source of
which is exteIw.l&1 to the bod.v.

If material, 'lhose atom ra.tios ~re that found in Table 2, were in
gested or inhaled., the hat8l"1i due t~the pr'esence of the radiocobl:l.lt would
be negligible as ~ompa.red to the Sr • Th:l.s is eviden~ when, among oth850 8
factors, the bi~10gical h&1f-11ve~ (3.9 x 103 d for Sr90 VB 8.4 d for Co )
and the ionhing ra·iiat1on emitted (~ for Sr901 pr1JlBrily ., for C057,58 ,6o)
are compared.

External hazard in fallout may be considered a9 that primarily due to
g..- re.d!a't10n. This hazard i9 a function. ot photon energy, sCAtteriDg,
absorption, etc. The net ef'fect I however" of t.hese tactors for tallout
situations (approximated by unitormly contaminatf!d tields) is that the
hazard 18 roughly proportional to energy release per unit time. Values ot
~ eMrS)" re16ued per second (~l) ot tislion product, resulting tram
10 tissions have been COD;)uted tor timea up to 1.2 x 103 y arter t1me ot
tillB1on.9 '!'he ftlues 110 obtaiDt':d -.y ~ compared over the same time period
With the energy re1eaeed4P8r aecond (112) by the quantities ot radiocobalt
fo'lmd allsociated Vith 10 fi••1ou. 'rh18 ratio Jl2!J11 in percent is tound
to be 0.14 at 9.8 d, 31 at 1.20 y, 149 at 2.6 y, 211 at 5.6 '1 and 26 at
25.7 y. Theae 'Y&lut!'!" represent the &D&l.yses ot a I1m1ted number ot samples
tram one detonation. It i8 evident, however" that radiocClbalt produced in
the ratios given in Table 2, would const1tute a eons1derable portion ot the
external hazard of tallout, particularly at times greater than 1 year.

Approvt'!d by:

C.~.j~j
E.R.~·--

Bead" Chemical Technology DiVision

For the Scient1tic Director
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